Last July a series of experiments was begun to find out, if possible, the main cause of anaphylactic shock. It was already
known that the phenomena were primarily respiratory, but it was not proven whether the origin of the trouble was central or peripheral. In order to clear up this point a number of guinea pigs were given artificial respiration, and their blood-pressure recorded from the carotid by means of a mercury manometer. It was proven that the cause of death is asphyxia which is peripheral in origin. Some animals died in spite of all that could be done for them while in others the symptoms were less acute and yielded to certain forms of treatment. In the more acute forms of anaphylactic shock the respiratory muscles of the chest and the diaphragm act without the lungs fulfilling their function. That the latter do not function is shown both by the slight motion of the respiratory tambour, connected with the trachea, and by the dark venous color of the carotid blood. In spite of the dyspneic movements the animal gradually dies from weak heart resulting probably from the lack of oxygen supply, In the less acute forms of shock, however, we were able to save the animals by artificial respiration, recovery being indicated by the carotid blood assuming its normal color, the blood-pressure returning to normal and instead of the spasmodic action of the diaphragm there ensued an even, rhythmic respiration. It was also noted that in those cases not yielding to artificial respiration the chest became fixed and the rhythmic action of the bellows caused no change in the position of the walls of the chest cavity.
About this time Auer and Lewis published a preliminary note in the August number of the Jozirnal of the American Medicad Association stating that this asphyxia is due to an inspiratory immobilization of the lungs, since, as they suggest, the lungs, upon Acute Anaphylactic Death in Guinea Pigs. Its Cause and Possible Prevention ; a Preliminary Note. Jour. of the American Med. Assn., 1909, liii, 458.
being exposed, scarcely collapsed ; they almost, indeed, fill the chest cavity. They found that the lungs are pink and float lightly on water ; pieces cut off remain distended, the cut surfaces being moderately dry when pressed give up considerable air. This immobility of the lungs in a more or less inspiratory condition they think is due probably to a tetanic contraction of the musculature of the fine bronchioli and alveolar ducts, imprisoning the air in the alveolar sacs, and that a slight degree of pulmonary edema aids in the production of this pulmonary inspiratory immobility. They also show that subcutaneous doses of 0.5 to I mg. of atropin sulphate administered a few minutes previous to the killing dose of horse serum abolishes the pulmonary symptoms or greatly reduces them.
Thus far our work confirms their description of the pulmonary symptoms. We find that the lungs of pigs that die in from two to five minutes after injecting intravenously 0.5 C.C. of horse serum, are almost invariably pink, full of air, and the pulmonary blood vessels filled with blood so that if immediately after death the lungs be punctured with a lead pencil or probe, a copious flow of black venous blood results. The lungs if cut from the chest cavity remain distended and when squeezed much air and some liquid exude. Out of all the controls that died in from two to five minutes there was no exception to this rule. When pigs die after a longer time than five minutes, the lungs do not as a rule remain completely distended and do not always fill the chest cavity completely. It may almost be said (judging from the experiments thus far performed) that after the killing dose of serum the duration of life is more or less proportional to the amount of collapsible lung area left just before death. A pig then that lives more than five minutes can be made to live still longer by means that will be mentioned in the following paragraph.
The condition of partia2 lung immobilization can be initiated by certain drugs that are known to act upon smooth muscle. Atropin in small doses (.OI mg. per gm. of body weight) proves very serviceable in hindering the anaphylactic action of the serum. Thus far we have found chloral hydrate and adrenalin even more effective in desensitizing the lungs towards the second injection of serum. And when oxygen is given before the second serum injection, the lungs thereby being, previous to the injection, loaded with a supply of oxygen, the animal is often able to pass over the first critical stage of anaphylactic shock, and if sufficient lung area is left, the heart not weakened, and the vaso-motor apparatus left intact so as not to incur too low a blood pressure, the animal almost invariably recovers. The tables which follow will illustrate clearly the relative value of the four methods thus far found most efficient in reducing the death rate of guinea pigs, and the advantage of artificial respiration, especially when oxygen is used.
A large number of drugs have been tried, but thus far no combination seems to equal that of oxygen, adrenalin, and chloral-urethane just before injecting the serum into the jugular vein. Aside from the greater number of pigs saved by this method it is of interest to note the difference in time intervening between the moment of injecting the serum, and that of death. In almost every case artificial respiration with oxygen prolongs the life of the animal. Next in efficiency is the administration of atropin or still better oxygen and then atropin. It is well to observe that certain pigs die, in spite of the best treatment, even though one third or more collapsible l u n g area be left after the injection; the blood pressure of such animals if recorded will eventually be found to be very low and it gradually gets lower and lower until the animal finally dies. The cause of this seems to be primarily cardiac in origin, the heart beats being greatly diminished in rate and force. There is also some evidence of vaso-dilation and of venous congestion. These are in brief the points which our present experiments indicate and it is left for a subsequent paper to treat more in detail the effects of various factors influencing anaphylactic shock.
In conclusion it may be said that in the light of the experiments thus far performed the cause of sudden death from serum anaphylaxis is due to asphyxia. The asphyxia is peripheral in origin, and in all probability Auer and Lewis are correct in attributing the asphyxia to tetanic contraction of the muscles of the bronchiolae and alveolar ducts, thereby not admitting of further ventilation of the alveolz. This condition of inspiratory immobilization may be greatly allayed and even abolished by certain drugs. Thus far with very sensitive pigs it has been possible to save with atropin sulphate about 28 per cent., with injections of chloralhydrate plus urethane and adrenalin, 41 per cent., by ad- + ministering pure oxygen, 43 per cent., and by administering pure oxygen along with chloralhydrate and adrenalin, even 66 per cent. Almost invariably the life may be prolonged, the pigs eventually dying from low blood pressure and not from acute asphyxia.
The pigs used in these experiments were sensitized by injecting intraorbitally 0.01 C.C. of horse serum. Young pigs, weighing about 300 grams, were injected with 0.5 C.C. of the same horse serum after having been sensitized about 30 days. Pigs were never used sooner than 21 days from the time of injecting the first dose of serum. All injections, except the sensitizing one of serum, of epinephrin and of atropin were made into a special canula tied in the jugular vein. The epinephrin and atropin were usually injected intraperitoneally. 
